Isotopic ratios of C, N, Si, and trace heavy elements in presolar SiC grains from meteorites provide crucial constraints to nucleosynthesis. A long-debated issue is the origin of the so-called A+B grains, as for them no stellar progenitor has so far been clearly identified on observational grounds. We report the first spectroscopic measurements of 14 N/ 15 N ratios in Galactic carbon stars of different spectral types and show that J-and some SC-type stars might produce A+B grains, even for 15 N enrichments previously attributed to novae. We also show that most mainstream (MS) grains are compatible with the composition of N-type stars, but might also descend, in some cases, from SC stars. From the theoretical point of view, no astrophysical scenario can explain the C and N isotopic ratios of SC, J and N-type carbon stars together, as well as those of many grains produced by them. This poses urgent questions to stellar physics.
Introduction
After the exhaustion of He in the core, stars of mass 0.8 M/M ⊙ 8 become very luminous and cool and climb the so called Asymptotic Giant Branch (AGB). AGB stars are powered by two nuclear shells, burning H and He alternatively; He, in particular, burns recurrently in short explosive events called thermal pulses. After most of them, the convective envelope penetrates downward bringing to the surface H-and He-burning products in a phenomenon called third dredge up (TDU). Carbon is the main product of He burning, thus AGB stars, from their initially O-rich composition, get enriched in carbon (and in other He-burning products, like s-elements). For suitable values of the envelope mass (eroded by mass loss) AGB stars finally achieve an abundance ratio C/O > 1 (by number), in which case they become carbon stars of a class called C(N) (or N-type) . This typically occurs between 1.5 and 3-4 M ⊙ for solar chemical composition Cristallo et al. 2011) . Above M 4 M ⊙ stars cannot become carbon rich, both because of the large envelope mass to pollute, and because the hot temperature at its base induces CN-cycling, burning the dredged-up carbon in a process called hot bottom burning, or HBB (Renzini & Voli 1981) .
It was inferred spectroscopically that composition changes induce a spectral type evolution along the sequence (Wallerstein & Knapp 1998): M→MS→S→SC→C(N) although there are some doubts on the nature of SC stars, see below. The composition determines the type of condensates forming in the circumstellar envelope. Oxides and silicates form in O-rich AGB stars (M, MS, S) while C-rich stars are parents to SiC and graphite dust. After its ejection into the interstellar medium by stellar winds, this cosmic dust can be trapped in meteorites, that are now recovered in the Solar System. Among these dust particles, SiC grains are probably the best studied ones (see e.g. Davis 2011).
They are classified on the basis of their nitrogen, carbon and silicon isotopic ratios (see show isotopic anomalies that can be only explained if they have been formed from material exposed to s-process nucleosynthesis, which is thought to occur during the AGB phase of low-mass stars (see e.g., Straniero, Gallino & Cristallo 2006) . On the other hand, grains of type A+B (∼ 4% of presolar SiC) show also a large spread in the N ratio, but low 12 C/ 13 C ratios (< 10); their origin is still unclear (Amari et al. 2001) .
Spectroscopically, C(N) stars show strong CN and C 2 bands. They also display absorption lines of F and s-elements, whose enrichment is in good agreement with stellar and nucleosynthesis models (Abia et al. , 2010 Cristallo et al. 2011) , so that the AGB evolutionary stages are thought to be well understood. indicating binarity as a common property of these stars.
Here we derive for the first time the 14 N/ 15 N ratios in a sample of near solar metallicity Galactic carbon stars of different spectral types. Our analysis reveals that the N isotopic ratios in N-type stars cover nicely the range found in the mainstream SiC grains, while those derived in J-and SC-type support an origin for A+B grains in these peculiar stars.
We discuss briefly the results in the framework of the standard AGB phase stellar evolution and conclude that no known evolutionary scenario can explain the full range of 14 N/ 15 N ratios found in these stars.
Observations and analysis
We obtained very high-resolution echelle spectra (R ≈ 170000) of nineteen N-, eight J-and eight SC-type Galactic carbon stars of near solar metallicity with the SARG spectrograph at the 3.5m TNG telescope. The signal-to-noise ratio in the spectral region of interest (∼ 8000Å) was typically 300. In this wavelength interval there are various Kotlar, Field, & Steinfeld (1980) or calculated by extrapolation of the molecular constants when needed. Isotopic shifts were computed for all isotopic combinations, using the usual isotope relationship for the Dunham coefficients (Townes & Schawlow 1995) . It appeared -6 -that 13 C 14 N line positions computed in this way were systematically displaced relative to the laboratory data by . We therefore anticipated that the line positions for other isotopologues would be shifted as well. We realized that the ratio of the computed isotopic shifts for 2 different isotopologues were close to a constant, i. A (see Table 1 ). For other molecular and atomic lines contributing in this region we used line lists from previous works (Abia et al. , 2010 . Stellar parameters (T ef f , gravity, metallicities, C/O and 12 C/ 13 C ratio) were taken from the literature (see references in Table 2 ). For some stars (see Table 2 ), carbon and oxygen abundances were derived from a few weak, unblended C 2 and CO lines in the 2.2 µm region using high signal-to-noise and resolution (R∼= 65000) spectra (kindly provided by K. Hinkle) obtained at the 4 m Kit Peak Observatory telescope using a Fourier transform spectrograph. Then, the N abundance as well as the final C/O ratio were derived from CN lines in the 8000Å region in an iterative way until agreement with the values obtained in the infrared spectral range 2 Isotopic shifts are calculated relative to the majority species 12 C 14 N. C 25/34 = (λ 25 − λ 24 )/(λ 34 − λ 24 ) is the mean ratio of the isotopic shifts of lines of the 12 C 15 N and 13 C 14 N isotopologues, for a given band.
-7 -was reached. We note however, that uncertainties in the absolute abundance of N within ±0.3 dex does not affect the nitrogen ratio derived.
A C-rich spherical MARCS (Gustafsson et al. 2008 ) model atmosphere was chosen for each star according to its stellar parameters, and synthetic LTE spectra were calculated in the 8000Å region, using the Turbospectrum v10.1 code (Plez 2012) . Theoretical spectra were convolved with a Gaussian function with the corresponding FWHM to mimic the spectral resolution in each range plus the macroturbulence parameter (9-13 km s −1 ). We used χ 2 minimization techniques to determine the 14 N/ 15 N ratios providing the best fit to each 12 C 15 N feature. The goal was to fit not only the selected lines, but also the overall shape of the spectra. The N isotopic ratios thus derived were then combined to obtain an average. The N ratios obtained from the 12 C 15 N features at λ7980, and λ8064
A were considered twice in deriving this average. These features are the most sensitive to 14 N/ 15 N variations. In this way we measured reliable N isotopic ratios for 22 stars of our sample; in a few cases we did not detect 15 N and for the rest we established lower limits on 14 N/ 15 N (see Table 2 ). In most cases, the overall uncertainty in the N ratios is estimated to be less than a factor of four. This mainly reflects the sensitivity to changes in the atmospheric parameters adopted, plus the dispersion in the 14 N/ 15 N ratio derived among the different features. This also includes the uncertainty in the placement of the spectral continuum (≤ 3%) and in the calculated wavelength of the 12 C 15 N features (≤ 15 mÅ). (Marty et al. 2011 ) to ∼ 1000, and the subsequent evolution before the C-rich AGB phase. This includes some (small) contribution from non-convective (extra) mixing during the RGB phase, as required by observations (Palmerini et al. 2011 ). This point, plotted for C/O= 1, represents a lower limit of N isotopic ratios for solar metallicity C(N)
stars. This limit slightly increases for increasing stellar mass and decreasing metallicity.
Further extra-mixing during the AGB phase would move the point along the diagonal arrow, while more TDU episodes would increase the 12 C/ 13 C ratio along the right-hand arrow (see Fig. 2 ).
Results and discussion
Among the carbon stars studied, J-type giants are defined mainly by their low 12 C/ 13 C and by the absence of s-elements. Their spectra are difficult to analyze, showing broad lines and unidentified features that cannot be well reproduced. In spite of this, their C and N isotope ratios closely match those of the A+B grains (see Fig. 2 ). The observational uncertainties are large, but not enough to hamper this conclusion. This is therefore the first experimental, unambiguous evidence ascribing at least part of A+B grains to J stars, confirming previous qualitative hints (Amari et al. 2001) . Interestingly enough, the fraction of A+B grains within all SiC grains (∼ 5%) (Davis 2011 ) is very similar to that -9 -of J-type stars among all Galactic AGB carbon stars (∼ 4 − 10%) (Boffin et al. 1993; Barnbaum et al. 1996) . We also identified, for the first time, a few (although two are Fig. 2) : an amazing result, with no explanation in red giant models, which invariably predict 14 N-rich envelopes. Notice that also the very low 12 C/ 13 C ratios ( 4), shared by many A+B grains and by some J stars, cannot be achieved by nucleosynthesis scenarios for red giants except in the case of HBB or extreme extra-mixing processes (see below). These however imply large 14 N production and O-rich environments. Low C and N isotopic ratios were so far obtained only in simulations of nova explosions (José et al. 2004) ; but apart from the fact that novae do not account for the entire range of C and N ratios of A+B grains 3 , there is no known connection between novae and J stars. Actually, until now very few carbon-rich grains can be really ascribed to novae (Gehrz et al. 1998 ).
On the other hand, we notice that almost all the data for C(N) stars lay above 3 Note nevertheless that Nittler & Hoppe (2005) reported a SiC grain with supernova isotope signatures but also low C and N ratios. While the composition of these stars is consistent with both the MS and A+B 15 N-rich grain groups, their origin is a mystery. It was suggested that they are massive ( 4 M ⊙ ) O-rich AGB stars, forming C-rich envelopes only for a short time due to an efficient dredge-up (Frost et al. 1998) . The suspected larger masses would explain the extreme Li enhancements observed in some of them through HBB and the Cameron & Fowler (1981) mechanism. However, if HBB were sufficiently active to produce a lot of Li, very low F, C/O and 12 C/ 13 C ratios and very large ( 10 4 ) 14 N/ 15 N ratios would result, all clearly at odds with observations (Fig. 2) . In general, therefore, the chemical pattern Alternatively, non-equilibrium chemistry in the ISM might trigger isotopic fractionation (Adande & Ziurys 2012; Bonal et al. 2012) . However, all these suggestions are now in conflict with the evidence that anomalous nitrogen isotopic admixtures already existed in the parent C-rich red giants.
Summing up, our new data establish observationally, for the first time that, while C(N) stars are parents of MS grains with high 14 N/ 15 N ratios, J-type carbon stars might generate A+B grains and SC stars might be a source for the grains with low 14 N/ 15 N ratios.
However, no known evolutionary scenario can explain all the whole resulting evidence. One might guess that some mixing/nucleosynthesis mechanism occurs during a stellar merging, producing peculiar stars as a result (Zhan & Jeffery 2013) . However, this is a qualitative speculation and the underlying physics is still largely unexplored.
Results are mainly based on observations made with the Italian Telescopio Nazionale an extra-mixing mechanism during the AGB is included (see text). The black dotted circle denotes the Solar System ratios.
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